Impaired glutamate transport and glutamate-glutamine cycling: downstream effects of the Huntington mutation.
The pathogenesis of Huntington's disease is still not completely understood. Several lines of evidence from toxic/non-transgenic animal models of Huntington's disease suggest that excitotoxic mechanisms may contribute to the pathological phenotype. Evidence from transgenic animal models of Huntington's disease, however, is sparse. To explore potential alterations in brain glutamate handling we studied transgenic mice expressing an N-terminal fragment of mutant huntingtin (R6/2). Intracerebral microdialysis in freely moving mice showed similar extracellular glutamate levels in R6/2 and littermate controls. However, partial inhibition of glutamate transport by L-trans-pyrrolidine-2,4-dicarboxylate (4 mM) disclosed an age-dependent increase in extracellular glutamate levels in R6/2 mice compared with controls, consistent with a reduction of functional glutamate transport capacity. Biochemical studies demonstrated an age-dependent downregulation of the glial glutamate transporter GLT-1 mRNA and protein, resulting in a progressive reduction of transporter function. Glutamate transporters other than GLT-1 were unchanged. In addition, increased extracellular glutamine levels and alterations to glutamine synthetase immunoreactivity suggested a perturbation of the glutamate-glutamine cycle. These findings demonstrate that the Huntington's disease mutation results in a progressively deranged glutamate handling in the brain, beginning before the onset of symptoms in mice. They also provide evidence for a contribution of excitotoxicity to the pathophysiology of Huntington's disease, and thus Huntington's disease may be added to the growing list of neurodegenerative disorders associated with compromised glutamate transport capacity.